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S U M M A R Y 
The d e t e c t i o n of compounds v. s ing ion exchange r e s i n bead 
i s based on a combined e f f e c t oi ac id hyd ro ly s i s and c a t a l y t i c 
a c t i o n of a c a t i o n exchange r o s i n i n H form. 
Cat ion exchange r e s i n i n if form can b r ing about the 
h y d r o l y s i s of the cyanhydrins t c ca rboxy l i c ac ids and ammonium 
i o n s . The ammonium ions are exchanged by the r e s i n and d e t e c t e d 
by one drop of Mess i e r ' s r e a g e n t . A p o s i t i v e t e s t i s o b t a i n e d 
i n case of a l i p h a t i c and aromat ic a ldehydes . The r e a c t i o n scheme 
i s as f o l l ows : 
0~ 
_ I 
R.CEO + CN •* a.CHC:f ( i ) 
9~ 
R.CHCN + H20 ^ R.CH(0H)Ctf + Olf ( i i ) 
R.CH(0H)GM + H20 + Res" H+ > 
R.CH(0H)C00H + Res" NH^ (iii) 
Res iffl£ + N e s s l e r ' s r eagen t ( a l k a l i n e ) red co lo red beads . 
A number of ke tones were t e s t e d by t h i s method which gave a 
nega t ive t e s t . The reason i s t h a t i n the case of k e t o n e s , 
r e a c t i o n ( i i ) above i s g e n e r a l l y r e v e r s i b l e , whereas i n the case 
of aldehy&es and most non h indered k e t o n e s , the format ion of 
cyanhydrins i s e s s e n t i a l l y q u a n t i t a t i v e i f s t rong a c i d i s added 
to the mixture con ta in ing sodium cyan ide . 
0 
As was expected, a pos i t ive t e s t was obtained with 
n i t r i l e s , unsaturated amides, and imides. To d is t inguish among 
the three functional groups, three t e s t s are recommended i . e . 
the ion exchange amide t e s t , the ion exchange n i t r i l e t e s t and 
the present ion exchange aldehyde t e s t . 
Detection of Aliphatic and Aromatic Aldehydes: 
Procedure: 
Place about 5-10 ion exchange beads in H+ form in a micro 
t e s t tube, add one drop (0.05- ml) of the t e s t so lu t ion , four 
drops of a sa tura ted mixture of HCN and NaCN solu t ion , and one 
drop of concentrated sulfur ic acid. Heat the contents to boil ing 
using a low flame. Wash the res in beads with demineralized water, 
blot them dry with a qua l i t a t ive f i l t e r paper (Quanti tat ive f i l t e r 
paper contains ammonium ions ) . Add a drop of Ness le r ' s reagent . 
A reddish pink color i s developed at once on the bead surface 
i f the t e s t solut ion contain aldehyde. The s e n s i t i v i t y of the 
t e s t may be improved i f freshly regenerated r e s in in wet form 
i s used. 
Cation exchange res ins in H form are insuf f i c ien t to 
catalyze the hydrolysis of n i t r i l e s . However, when they are 
heated with one drop of 17N sul fur ic acid and a few ion exchange 
res in beads in H form, the corresponding carboxylic acids and 
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ammonium ions are formed which are detected by Ness le r ' s reagent . 
The unsubst i tu ted amides or imides are also hydrolyzed with 
su l fur ic acid and therefore they in t e r fe re with the t e s t . The 
t e s t for the n i t r i l e s can be made se lec t ive by performing another 
t e s t which i s pos i t ive for unsubs t i tu ted amides or imides only. 
The t e s t i s based on heating an aqueous solut ion of amide or imide 
in presence of a ca t ion exchange r e s in in H+ form. Now i t i s 
possible to d is t inguish amides or imides from n i t r i l e s . The 
reac t ion i s given below: 
Test I : 
Dil HgSO^ 
XCN + HOH !L_I» x C0i!H2 RH
H 
XCOOH + NH. 
Heat Heat 
( X = alkyl or aryl group ) 
XCOOH + NIL 
RH+ + XCOONH^  
XCOONI^  
RNH£ + XCOOH 
(Positive t e s t with Nessler's reagent) 
Test I I ; 
XCN + HOH 
Amide+H0H + 
RET 
Heat 
HH+ 
Heat 
_v Hydrolysis does not take p lace . 
(Negative te st with Ne s s l e r ' s re agent) 
_^ Carboxylic acid + RNH^  
(Positive tes t with Nessler's reagent) 
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Detection of Nitriles: 
Procedure: 
The following two tests are necessary for the detection 
of nitriles: 
Test I; To one drop of each of the test solution and water, add 
two drops of 17N sulfuric acid in a semimicro test tube. Heat 
the contents slowly for a few minutes on a low flame. Cool, 
add a few resin heads and one drop of water and heat (not boil) 
again. Decant, leaving behind the resin beads. Wash the beads 
by dec ant at ion with demineralized water. Transfer the beads to 
a white spot plate and dry them by blotting with filter paper. 
Add a drop of sodium hypochlorite solution and one drop of 
phenolic solution. An intense blue color on the resin beads 
indicates a positive test. 
Test II; Mix a few milligrams of the test substance or 2-k- drops 
of the test solution followed by two drops of water in a 
semimicro test tube. Add a few resin beads and heat on water bath. 
Cool the beads and wash as described above. Transfer to a white 
spot plate and test with one drop of sodium hypochlorite solution 
and one drop of phenolic solution. An intense blue color 
indicate a positive test. 
The detection of elements in organic compounds by sodium 
fusion method is based on the extraction of residue with water 
which is obtained after the fusion with sodium metal. The filtrate 
which is an alkaline solution of cyanide, sulfide and halide ions 
is used for the detection of respective elements i.e. nitrogen, 
sulfur, chlorine, bromine and iodine. The milligram detection of 
these elements however suffer to certain limitations i.e. nitrogen 
cannot be identified in presence of sulfur, similarly it is 
necessary to remove CN1 and S" ions before the test of halogens. 
These ions form insoluble precipitates with silver ion and interfere 
with the detection of halide ions. The presence of halogens are 
demonstrated oy Beilstein test but they are confirmed through 
sodium fusion and silver halide test, provided the test compound 
is present in milligram amount. Feigl described a few general tests 
for microgram detection of halogens. These tests cannot be applied 
for microgram detection of individual members. Moreover the tests 
suffer to some disadvantages. :3eilstein test although it is a 
sensitive test for halogens, but certain halogen free substances 
containing nitrogen also give a positive test, hydroxyquinoline, 
thiourea and substituted pyridines as well as guanidine carbonate, 
mercaptobenzothiazole and salicylaldoxime are the pertinent examples. 
Two tests were described by Feigl for the detection of nitrogen. 
The lime test, though positive for various kinds of nitrogen 
compounds, but not all give this result because the test depends 
on the yield of ammonia which may vary. The second test is the 
pyrolytic oxidation of organic compounds with excess of MnCL and 
performed by Griess reaction which is sensitive and reliable, but 
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depends on the pu r i ty of manganese dioxide. Even a s l i gh t 
presence of ni trogen as impurity in MnOp can make the t e s t pos i t i ve . 
Sometimes the response i s posi t ive i f the t e s t i s performed in 
ordinary glass tube even when pure Mn0o i s used. There i s s t i l l 
need for microgram detect ion of ni t rogen, sulfur and individual 
members of halogens. Moreover one could be able to detect one 
element in presence of others in a simple manner and such t e s t s 
are now proposed which arc based on the use of the r e s in spot t e s t 
technique. The present work which i s an improvement over the 
sodium fusion method based on the res in spot technique. The t e s t 
has been successfully applied for simultaneous detect ion of 
ni trogen, sulfur , chlorine and iodine when they are present in 
microgram amount in the given organic mixture. 
Simultaneous detect ion of Sulfur, Chlorine, Iodine and Nitrogen in 
Organic Compounds; 
Place 3-*+ ion exchange res in beads in n i t ropruss ide form on 
the spot p la te and five or six drops of the t e s t solut ion (sodium 
fusion containing a mixture of sulfur , ch lor ine , iodine and 
n i t rogen) . The res in beads turns v io l e t and l a t e r on becomes black 
i f the mixture contains sulfur . The excess of sulfur i s removed 
by adding more res in beads in n i t ropruss ide form. The process i s 
continued t i l l no v io le t color appears on the beads surface. !Etae 
process i s continue &--t-i41--no. v io l e t color-appears on the beads 
s»¥£aee. The v io l e t beads are removed from the mixture contents . 
The solut ion which i s free from sulfur i s divided in to two p a r t s . 
To one par t add h-5 res in beads in Ag+ form, i f chlorine i s present , 
? 
a white p rec ip i t a t e develops oa the r e s in surface which l a t e r on 
(a f te r 2 or 3 minutes) turns blank. The second par t i s used to 
t e s t for iodine and ni trogen. The t e s t of nitrogen i s done a f te r 
removing iodide ion. To the second par t add h-5 r e s in beads in 
OH form and one drop of 30/J' hydrogen peroxide followed by a few 
drops of chlorine water. iAenove the res in beads with the help of 
a glass rod and place them to other par t of spot p l a t e . Add one 
drop of 10;S starch solut ion in 1C\J ace t ic acid on the res in beads 
which turns deep v io l e t i f the mixture contains iodine. Mow the 
solut ion (from which the r e s in beads are removed) i s evaporated 
to dryness and one drop of d i s t i l l e d water i s added. To t h i s 
ex t rac t add h-5 r e s in beads in OH form, one drop of 0.01/» copper 
sulphate followed by a few drops of >J ammonium molybdate solut ion. 
Add concentrated hydrochloric acid t i l l a blue color appears on 
the res in surface which shows the presence of ni t rogen. 
ION-EXCHANGE RESIN BEAD TESTS FOR MICROGRAM 
DETECTION OF ELEMENTS AND ORGANIC 
COMPOUNDS 
THESIS SUBMITTED FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
IN 
CHEMISTRY 
M. S. RATHI Dec, 1976 
Aligarh Muslim University, 
Aligarh 
T1711 
2 0 UJV 19T8 
W V-V 
X) *fc 
''O 
% , 
^A-
/ ) 
' * , 
\ * 
A C K H O W L E D G E M E N T 
The research work recorded in t h i s t h e s i s was carried 
out under the able supervision of Dr. S.Z. Qureshi. I am highly 
grateful to him for his valuable and insp i r ing guidance throughout 
t h i s work. 
I also wish to thank to Prof. W. Rahman, Head, Department 
of Chemistry for providing research f a c i l i t i e s . 
I express my appreciat ion and thanks to Dr. J.P. Rawat 
and my colleagues for t h e i r cooperation. 
I am also grateful to University Grants Commission (U.G.C.) 
for f inancia l ass i s tance . 
( M.S. Rathi ) 
( i i ) 
C O M T E N T S 
Page 
ACKNOWLEDGEMENT ( i i ) 
LIST OF PUBLIC AT IONS (v) 
LIST OF TABLES ( v i ) 
CHAPTER - I 
MTRODUCT ION 1 
REFERENCES 7 
CHAPTER - I I 
ION_EXCHANGE METHOD FOR THE DETECTION OF ALIPHATIC 
AND AROMATIC ALDEHYDES 9 
EXPERIMENTAL 12 
RESULTS 1*f 
DISCUSSION 19 
REFERENCES 2 3 
CHAPTER - I I I 
ION-EXCHANGE METHOD FOR SIMULTANEOUS MICROGRAM 
DETECTION OF SULFUR, CHLORINE, IODINE AND NITROGEN 
IN ORGANIC COMPOUNDS 2*f 
EXPERIMENTAL 27 
RESULT S 31 
DISCUSSION Ifl 
REFERENCES h$ 
( i i i ) 
Page 
VI. CHAPTER - IV 
MICROGRAM DETECTION OF NHRILES USING RE SIN 
BEADS h6 
EXPERIMENTAL *f8 
RESULTS 50 
DISCUSSION 9+ 
REFERENCES 56 
(iv) 
LIST OF PUBLICATIONS 
Ion-Exchange Method for the Detection of Aliphat ic and 
Aromatic Aldehydes. 
Analytical Chemistry, W, 1139 (197^). 
Ion-Exchange Method for Simultaneous Microgram Detection 
of Sulfur, Chlorine, Iodine and Nitrogen in Organic 
Compounds. 
Analytical Chemistry, hi, 1 ^ (1975). 
Microgram Detection of N i t r i l e s Using Resin Beads. 
Mikrochimica. Acta,. (In P ress ) . 
r.v) 
LIST OF TABLES 
Page 
TABLE-1
 : LIME OF IDENTIFICATION OF ALIPHATIC AND 
AROMATIC ALDEHYDES 16 
TABLE-II
 : DETECTION OF FORMALDEHYDE IN THE PRESENCE OF 
FOREIGN SUBSTANCES 17 
T A B L E . I l l
 : DETECTION OF BENZALDEHYDE IN THE PRESENCE OF 
FOREIGN SUBSTANCES 18 
TABLE-IV
 : TESTS FOR ALDEHYDES, AMIDES, NIT RILES AND 
OTHER ORGANIC COMPOUNDS 21 
TABLE-V
 : COMPARISON OF VARIOUS TESTS FOR ALDEHYDES... 22 
TABLE-VI : DETECTION OF SULFUR BY ION-EXCHANGE METHOD.. 32 
TABLE-VII : DETECTION OF CHLORINE BY ION-EXCHANGE METHOD 33 
TABLE-VIII
 : DETECTION OF IODINE 3Y ION-EXCHANGE METHOD.. 3*f 
TABLE-IX : DETECT ION OF NITROGEN BY ION-EXCHANGE METHOD 35 
TABLE-X
 : SIMULTANEOUS DETECTION OF CHLORINE SULFUR, 
IODINE AND NITROGEN FROM EACH OTHER IN THE 
GIVEN MIXTURE BY ION-EXCHANGE METHOD 36 
TABLE-X I
 : DETECTION OF SULFUR IN PRESENCE OF FOREIGH 
SUBSTANCES 37 
TABLE.XII
 : DETECTION OF CHLORINE IN PRESENCE OF FOREIGN 
SUBSTANCES 38 
(vi) 
TABLE-XIII 
TABLE-XIV 
TABLE.XV 
TABLE_XVI 
TABLE-XVII 
TABLE-XVIII 
: DETECTION OF 10DLIE IN PRESENCE 0? FOHEIGN 
SUBSTANCES 39 
: DETECTION OF NITROGEN IN PRESENCE OF 
FOREIGN SUBSTANCES *fO 
: COMPARISON OF VARIOUS TESTS OF HALOGENS, 
NITROGEN AND SULFUR M-
: LIMIT OF IDENTIFICATION OF NURILES 52 
: DETECTION OF PROP ION LT RILE IN PRESENCE OF 
FOREIGN SUBSTANCES 53 
: TESTS FOR NURILES, UN SUBSTITUTED AMIDES, 
IMIDES AND OTHER ORGANIC COMPOUNDS ^ 
Cvii) 
CHAPTER _ I 
INTRODUCT ION 
The detect ion and determination of organic functional 
groups i s one of the most fascinat ing chapters in the ana ly t i ca l 
chemistry of organic compounds. Detection can be achieved 
e i t h e r by using instrumental methods such as IR and UV 
spectroscopy or non-instrumental technique such as color 
reac t ions and spot t e s t s . Infact instrumental methods are very 
sens i t ive and specif ic but they are not so simple and rapid. 
The non-instrumental methods have the def in i te advantage of 
being f a s t , simple and inexpensive. The most v e r s a t i l e 
non-instrumental methods are probably the spot t e s t s f i r s t 
described by Feigl ( 1 ) . Pujimoto e t a l . (2) proposed the use 
of r e s in spot technique to make these t e s t s more e legant . 
These res in spot t e s t s depend on the intense colorat ion of the 
few grains of l i g h t colored ion exchange res in produced by the 
up take from the reac t ion medium of ions having c h a r a c t e r i s t i c 
co lors . These t e s t s have the following advantages: 
(1) They are more sens i t ive because the colored ionic species 
i s concentrated on the res in surface, 
(2) The colorat ion i s often more s table in the res in phase than 
in the aqueous phase and sometimes becomes progressively 
more intense on standing. 
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(3) These t e s t s are more s e l e c t i v e . Thus ions having a charge 
opposite to tha t of the ionic species adsorbed by the r e s in , 
usual ly do not i n t e r f e r e . 
(if) These t e s t s need very l i t t l e equipment and require very 
l i t t l e t r a in ing on the par t of the i nves t i ga to r . 
Most of the res in spot t e s t s up-to-date have been used 
for the detect ion of inorganic ions by using color react ion 
already known (3,*f,5). Some t e s t s have been described for the 
detect ion of phenols, a l i pha t i c amines, primary aromatic amines, 
aldehydes and subs t i tu ted hydrazins ( 6 , 7 , 8 ) . All these t e s t s 
are r es in spot modification of already known color r eac t ions . 
However, res in beads can also be used to develop new color 
reac t ions as was described by M. Qureshi for diphenylamine (9 ) . 
In t h i s t e s t a few milligrams of the t e s t substance in alcohol 
and a few res in beads are added to a microtest tube. One or 
two drops of p-dimethylaminobenzaldehyde solut ion are added. 
The contents are heated for 2 minutes. When diphenylamine i s 
present a deep yellow color appears on the r e s in beads a t room 
temperature. This tu rns to green or b lu ish green on heat ing. 
The green color on the res in beads p e r s i s t s i f the diphenylamine 
concentration i s high, but i t may vanish on cooling i f the 
concentration i s low. Even at low concentra t ions , however, the 
color reappears on the res in bead upon heat ing. Since the color 
i s adsorbed on the r e s in beads, i t i s probably a pos i t i ve ly 
charged compound which r e su l t s from the condensation of 
C6H5NH2 ** C6H5 w i t h P-dimethylaminobenzaldehyde. The assumption 
i s confirmed by the fact tha t a neu t ra l solut ion of diphenylamine 
and p-dimethylaminobenzaldehyde do not react to give e i t h e r a 
yellow or green product. However, i f hydrochloric ac id i s added, 
a yellow color i s obtained which, on heating turns green or 
b lu ish green. 
Another novel approach i s to combine the hydrolysis and 
c a t a l y t i c react ions of the res in beads with the r e s in spot 
technique. An i n t e r e s t i ng example of t h i s approach i s the 
detec t ion of e s t e r s (10) . The pr inc ip le of the method i s simple. 
Ion exchangers hydrolyze e s t e r s more e f fec t ive ly than does an 
acid (11) and no new ions are introduced in to the so lu t ion . 
CH-C00CLIL- + Ho0 ER\ CHOC00H + CoHw0H 
The ion exchanger i s ea s i ly removed from the solut ion by 
f i l t e r i n g through a glass wool plug. The consequent decrease in 
pH i s read i ly detected with an ind ica to r such as methyl red. 
Sucrose inversion (12) , e s t e r hydrolysis (13) , benzoin 
condensation (1^) can a l l be catalyzed by ion exchangers in the 
various ionic forms. The use of so l id ion exchangers has a number 
of advantages when compared with dissolved e l e c t r o l y s i s . 
( i ) The ca ta lys t can be readi ly removed from react ion products 
by f i l t e r a t i o n or by decantat ion. 
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(ii) The purity of product is better since side reactions 
are minimized. 
(iii) The ion exchanger is more selective, i.e. it distinguishes 
more sharply between the various reactant molecules and 
it may be considered to be half way in selective between 
dissolved electrolytes and enzymes. 
(iv) No new ions are introduced in the reaction media except 
the ions which are produced as a result of hydrolysis. 
Another method in which the resin beads have been used 
for the catalytic hydrolysis and as the detection media, is the 
detection of amide, imide, anilides 0 5 ) and nltriles (16). 
The hydrolysis of amides and imides is brought about by the H+ 
form cation exchange resin which catalyses the acid hydrolysis 
to the corresponding acid and ammonia or aniline. Ammonia gas 
and aniline pick-up one proton from resin in the H+ form and 
they are converted to NH^ and CgH- NH* 
XCONH. + HOH RH+, XCOOH + NEL 
ao 2 > ^ \ 3 C 0 ° H 
m + 2 HOH m+ , L 11 + NH0 
XC0NHG,IL + HOH RH+ . XCOOH + C,H^NH„ 
C6H5Iffl2 + RH+ _ _ _ ^ HC6H5 H H J 
BCgHj HH H2 + 00H -\~rf— N (CH^., .HgO 
Q 3 
Pale yellow res in beads 
(X = alkyl or aryl group). 
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These ions eas i ly replace H+ from the r e s in and are 
detected on the bead surface by means of Uess ler ' s reagent or 
p - dime t hyl aminobe nz a l de hy de. 
In case of n i t r i l e two t e s t s have been performed because 
n i t r i l e s are not hydrolysed by ion-exchangers r e s in . They can be 
hydrolysed with d i l ^SCX in presence of r e s in beads (H+ form). 
The res in spot technique used for the detect ion of n i t r i l e s not 
only a se lec t ive for them but can be used to d i f f e r en t i a t e n i t r i l e s 
from unsubst i tu ted amides as they in te r fe re with the t e s t . 
Qureshi et a l . (17) extended the use of the ion exchanger 
res ins as a ca t a lys t s and as an ion exchanger simultaneously for 
the determination of amides and e s t e r s . The hydrolysis of amides 
and e s t e r s i s done by using ion exchange res in in the H form. 
The ion exchange res in acts both as a ca ta lys t for hydrolysis and 
ion exchanger to re lease an equivalent amount of the acid. The 
amide or e s t e r solut ion passed through a column of Amberlite IR-120 
r e s in in the H+ form at a flow ra te of 2 ml/minute. The column i s 
maintained at a temperature of 80°C. The eff luent i s recycled 
three times and i s f ina l ly t i t r a t e d with O.O^N sodium hydroxide 
so lu t ion . The amount of the amide or e s t e r present can be 
calculated from the corresponding acid produced. 
A number of t e s t s have been, described for the detect ion 
and determination of aldehydes. Azulene has been proposed as 
a new color reagent for the detect ion of aromatic aldehydes, 
furfural der iva t ives and sugars (18), Less than 2 ug of 
salicylaldehyde can be detected i f a drop of 70% HClO> or 
HpSft i s added. A yellow color i s immediately obtained and 
a f t e r 30 seconds the meniscus tu rns red. Si lcylalcohol , 
mesityl oxide and a l l y l alcohol i n t e r f e r e . However, a l l y l 
alcohol and mesityl oxide reduced ammonium molybdate in 70% 
HC10. and give a blue color while salicylaldehyde does not (19) . 
Al iphat ic , aromatic and terpenoid aldehydes have been detected 
in the presence of ketones by converting them in to hydrazones 
of 2-hydrazinobenzothiazole. 'These hydrazones a f t e r 
chromatography on s i l i c a gel give c h a r a c t e r i s t i c colors with 
0.1$ p-nitrobenzenediazouiumfluoroborate (20). Aldehydes have 
been detected in f a t s by adding one drop of sul fur ic acid in 
10 ml of acetone when a red color i s produced (21) . A new 
color react ion has been obtained by adding a solut ion of 
aldehydes in formic acid into 1 ml of 2.5% so lut ion of h-h -
diaminodiphenyl e ther in formic acid . Charac te r i s t i c colors 
are given by most a l i pha t i c and aromatic aldehydes but i f the 
solut ions are made in HCi, ACOH or H SO* no color i s obtained 
(22) . The method has also been used for the quant i ta t ive 
determination of aldehydes (23). A new sens i t ive and specif ic 
t e s t for the detect ion of a l ipha t i c and aromatic aldehydes has 
been developed by Dickinson. The aldehyde i s condensed with 
lf-amino-3-hydrazino-5-mercapto-1,2, l+-triazole in IN NaOH. 
About 10" M solut ions give purple or magenta colors (2*f). An 
aqueous solut ion of N-N dihydroxy-2,3-dimethyl-butame-
2-3-diaminosulphate r eac t s with a l i pha t i c aldehydes or ketones 
to give a deep pink color which i s used for t h e i r de tec t ion . 
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CHATTER _ I I 
ION EXCHANGE METHOD FOR THE DETECTION OF ALIPHATIC AND AROMATIC 
ALDEHYDE S 
The more recent developments in the detection of 
aldehydes have been reviewed in Chapter I . A few more references 
are however in order described. Aliphatic aldehydes produced an 
intense blue coloration when equal volume of formic acid or 
acetaldehyde oxygenated water and $0% ace t ic acid saturated 
with benzadine are mixed (1 ) . A general t e s t for carbonyl 
compounds has been proposed by Asafce et a l . (2) using 
O-phenylphenol as a coloring reagent. Feigl (3) has developed 
a method for the detection of various aromatic aldehydes as 
well as for the unsaturated a l iphat ic aldehydes based on the 
formation of Schiff bases with N.N-dimethylphenylenediamine in 
the presence of acids . The t e s t covered a number of aromatic 
aldehydes but i t gave a posit ive t e s t with unsaturated with 
more than one double bond conjugate with carbonyl group. 
Another Schiff base t e s t for the detection of a l iphat ic and 
aromatic aldehydes was described by Wasicky (*f) using 
O-diamisidine as condensation reagent. Certain ketones, 
a l i c y l i c compounds such as pinenes and camphenes interfered 
with the t e s t . A spot t e s t has been given by Anger and Ofri (5) 
for the detection of aromatic aldehydes along with polysaccharides, 
pentose, hexoses, ce l lu loses , ethers and es te r s of cel luloses and 
1 
N-arylidene compounds. A general t e s t was described by 
Hashmi (6) for a l iphat ic and aromatic aldehydes based on the 
charac te r i s t i c yellow color formation between aldehydes and 
chlor i te in neutral or acidic medium. However, a number of 
aldehydes such as anisaldehyde, van i l l i n , acrolein, 
p-dimethylaminobenzaldehyde, glucose, veratraldehyde, and 
glyceraldehyde failed to give a posi t ive t e s t by t h i s method. 
Billman (7) used molybosilicic acid and i t ' s Na-salt for the 
detection of aldehydes and cyclic ketones containing at l ea s t 
one alpha-hydrogen atom. However, a few carbonyl compounds 
which are not aldehydes or cyclic ketones containing alpha-
hydrogen atom gave a posi t ive t e s t . Other common t e s t for the 
detect ion of a l iphat ic and cyclic aldehydes have been 
described (8 ,9 ,10) . 
Tsuji (11) used ion-exchange rosin beads for the 
detection of aldehydes. An aqueous solution of aldehyde i s 
mixed with a drop of 0.1$ 2-hydrazinobenzothiozole solution 
( in dimethyl formamide) and dimethyl ketone with a few beads 
of cation exchange resins in the H+ form. Then one drop of 
each of 0.1$ p-nitrobenzendiazonium fluoroborate solution and 
5$ potassium hydroxide are added. A posi t ive t e s t i s indicated 
by the deep blue-greenish color on the surface of resin beads. 
Anion exchange resin in Cl form are also used. In t h i s case 
the res in beads are f i r s t t rea ted with aqueous solution of 1$ 
^f-hydrazionoenzene sulphonic acid, then one drop each of 
tetrazobenzidine solution and 3$ KOH are added. A reddish 
v i o l e t , bluish v io le t or green color on resin phase indicates 
the presence of aldehydes. 
The proposed t e s t tha t use beads of ion-exchange resin 
to concentrate the reagent and the substance sought, thus 
malting the color more v i s i b l e , has been used for the detection 
of a l ipha t ic and aromatic aldehydes. 
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EXPERIMENTAL 
REAGENT S: 
All chemicals used were of reagent grade. 
Test Solutions; 
Solutions of aldehydes were prepared either in $0% 
alcohol or in water (free from ammonium ions). 
Resins: 
Dowex 50 WX 8 (20-50 mesh) and Amberlite IR-120 r e s i n s 
were used a f t e r the usual regenera t ion and conversion to the 
H+ form. The r e s i n s were washed with demineral ized water u n t i l 
no co lor was obtained by N e s s l e r ' s r eagen t . 
Mixture of Saturated Solution of Hydrogen Cyanide and Sodium Cyanide 
A 10 ml s a tu ra t ed so lu t ion of sodium cyanide was added to 
a 50 ml separa t ing funnel containing 1.5 grams of dry Amberalite 
IR-120 i n H+ form. The funnel was provided with a glasswool 
p lug . The contents were shaken and the r e s i n was allowed t o 
s e t t l e down. The supernatant l i q u i d (a mixture of WaCN - HCN) 
was used d i r e c t l y i n the form b e t t e r r e s u l t s , i t i s adv i s ib l e 
t o use the supernatant l i q u i d wi th in h hours . 
Procedure; 
Place about 5-10 ion exchange beads in H form in a 
micro t e s t tube, add 1 drop (0.05 ml) of the t e s t solution, 
h drops of a saturated mixture of HON and NaCN solution, and 
1 drop of concentrated sulfuric acid. Heat the contents to 
boi l ing using a low flame (caution'.take precaution against 
harmful vapors of HCN gas which comes out during heat ing) . 
Wash the resin beads with demineralized water, b lo t them dry 
with a qual i ta t ive f i l t e r paper (Quantitative f i l t e r paper 
contains ammonium ions) . Add a drop of Nessler 's reagent. 
A reddish pink color i s developed at once on the bead surface 
i f the t e s t solution contain aldehyde. The sens i t iv i ty of the 
t e s t may be improved i f freshly regenerated res in in wet form 
i s used. 
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HESKJU S 
D e t e c t i o n of Aldehydest 
To f i n d t h e most s u i t a b l e r e s i n f o r t h e d e t e c t i o n of 
a l d e h y d e s , t h e f o l l o w i n g r e s i n s were t r i e d . Amber l i t e IR-120 
and Dowex 50W X 8 (20-25 mesh ) . 
I t was found t h a t t h e c a r b o x y l i c r e s i n , Amber l i t e 
IR-120 gave n e g a t i v e t e s t s w i th c r o t o n a l d e h y d e , c i n n a m a l d e h y d e , 
and p -d ime thy laminobenza ldehyde . As a r e s u l t of t h i s s tudy 
i t was conc luded t h a t Dowex 50W X 8 was t h e b e s t r e s i n for 
t h e d e t e c t i o n of a l d e h y d e s . 
The fo l lowing a l i p h a t i c and a roma t i c a ldehydes gave 
a p o s i t i v e t e s t by t h e r e s i n beads method: a c e t a l d e h y d e 
a n i s a l d e h y d e , b e n z a l d e h y d e , c r o t o n a l d e h y d e , c i h n a m a l d e h y d e s , 
p -d ime thy laminobenza ldehyde formaldehyde , p r o p i o n a l d e h y d e , 
p a r a l d e h y d e , and s a l i c y l a d e h y d e . 
A n e g a t i v e t e s t was o b t a i n e d f o r t h e f o l l o w i n g a l d e h y d e s : 
3,1*-,5-methoxybenzaldehyde, 1 - b u t y r a l d e h y d e . V a n i l l i n p roduces 
a y e l l o w t u r b i d i t y a f t e r k e e p i n g f o r 10 m i n u t e s . 
Behav io r of Misce laneous Compounds: 
A number of t y p i c a l o r g a n i c compounds were t e s t e d by the 
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recommended procedure and were found not to interfere with 
the test. The following compounds were tested: 
Hydrocarbons and their derivatives: Benzene, toluene, 
broraobenzene, nitrobenzene, carbontetrachloride. 
Amines: Aniline, demethylamine, trimethylamine. 
Alcohols: Methanol, ethanol, butanol. 
Acids: Formic acid, acetic acid. 
Ketones: Acetone, acetophenone, ethyl methyl ketone. 
Ethers: Dioxan, ether. 
Phenol: Phenol. 
Heterocvtic base: Pyridine. 
Carbohydrates: Glucose, fructose, sucrose. 
Limit of Identification: The limit of identification for a 
number of aliphatic and aromatic aldehydes was determined. 
The results are summarized in Table I. 
Detection of Aldehydes in the Presence of Foreign Substances: 
The detection of aldehydes in the presence of a large 
amount of foreign substance was studied. Formaldehyde and 
benzaldehyde were taken as the representative of the aliphatic 
and aromatic aldehydes. The results are summarized in Tables II 
and III. 
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Table I 
Limit of Identification of Aliphatic and Aromatic Aldehydes, 
Aldehydes 
Cro tona ldehyde 
Anisa ldehyde 
Benzaldehyde 
Formaldehyde 
S a l i c y l a l d e h y d e 
C inamalde hyde 
P rop iona ldehyde 
I s o v a l e r a ldehyde 
Aceta ldehyde 
p-dime t hy l amino -
b e n z a l d e h y d e . 
< 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
Molar 
3 one . 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
10""3 
1 0 - 2 
_2 
10 * 
10-2 
1 0 - 2 
ID" 2 
_2 10 
1 0 - 2 
10-2 
10-2 
Value 
t a k e n , ml . 
0 . 0 5 
0 . 0 3 
0 .03 
0 .03 
0 .03 
0 .03 
0 .03 
0 .03 
0 .03 
0 .03 
Amount d e t e c t e d 
Mg. 
17.5 
ifO.8 
31.8 
9.0 
36.6 
39.6 
17A 
25.9 
13.2 
kh.7 
1 ? 
Table I I 
D e t e c t i o n of Formaldehyde i n the P re sence of F o r e i g n Subs tances 
r? . o, x
 f Amount o f Fore ign Amount of HCHO 
f o r e i g n SLID s t ance Substance added d e t e c t e d 
mg. ug. 
A c e t i c a c i d 52h 30 
Bu tano l 32Lf 30 
Dioxan 776 30 
E t h y l m e t h y l ke tone 603 30 
Phenol ^82 30 
Tr ime thy lamine 231 30 
Xylene ^37 30 
IS 
Table I I I 
Detect ion of Benzaldehyde i n the Presence of Foreign Substances 
Amount of Foreign 
Foreign Substance Substance added 
mg. 
Acetic acid 157 ^0 
Butanol 157 ^0 
Dioxan 207 ^0 
Ethyl methyl ketone 80 h-0 
Trimothylamine 165 ^0 
Phenol 107 ^0 
Amount of C^EL CH0 
detected 
)*g. 
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DISCUSSION 
When aqueous s o l u t i o n s of a ldehydes a re h e a t e d w i t h 
s a t u r a t e d NaCN c o n t a i n i n g HCN, t o g e t h e r w i t h a s l i g h t e x c e s s 
o f s u l f u r i c a c i d and beads of c a t i o n - exchange r e s i n , 
c y a n h y d r i n s a re formed. The r e s i n i n t h e hydrogen form 
c a t a l y z e s the h y d r o l y s i s of t h e cyanhydr ins t o c a r b o x y l i c 
a c i d s and ammonium i o n s . The ammonium i o n s a r e r e t a i n e d by 
t h e r e s i n and a r e l a t e r d e t e c t e d i n t h e bead by N e s s l e r ' s 
r e a g e n t . The r e a c t i o n sequence i s t he f o l l o w i n g : 
0" 
RCHO + CH ^ R. CHCN ( i ) 
o~ 
R. CHCN + H20 „ R. CH(0H)CN + OH ( i i ) 
R. CH(0H)CN + H20 + Re"s H+ , y 
R. CH(0H)C00H + Res NH+ ( i i i ) 
Res NH^ + Ness l e r ' s reagent ( a l k a l i n e ) ^ red colored beads . 
A number of ketones were t e s t e d by t h i s method gave a 
negat ive t e s t . The reason i s t h a t i n the case of ke tones , 
r e a c t i o n ( i i ) above i s genera l ly r e v e r s i b l e , whereas in the 
case of aldehydes and most non-hindered ketones , the formation 
cyanhydrins i s e s s e n t i a l l y quan t i t a t i ve i f s t rong ac id i s added 
t o the mixture conta in ing sodium cyanide (12) . 
2D 
As was expected, a posit ive t e s t was obtained with 
n i t r i l e s , unsaturated amides, and imides. To dis t inguish 
among the three functional groups, three t e s t s are recommended 
i . e . ion-exchange n i t r i l e t e s t (i+), and the present ion-exchange 
aldehyde t e s t . Results given by the three t e s t s are summarized 
in Table IV. 
A comparison of different t e s t s for aldehydes has been 
summarized in Table V which proves the merits of the "Ion-
Exchange Test" in terms of factors such as s implici ty , 
s ens i t i v i t y , and spec i f ic i ty over the available aldehydes 
t e s t s mentioned in the l i t e r a t u r e . 
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Table IV 
T e s t s fo r Aldehydes , Amides and N i t r i l e s and o t h e r Organ ic Compounds 
Compound Ion-exchange Amide Tes t 
Ion-exchange 
N i t r i l e T e s t 
Ion-exchange 
Aldehyde T e s t 
Aromatic and 
a l i p h a t i c 
a l d e h y d e s . 
Negat ive Negat ive P o s i t i v e 
N i t r i l e s 
U n s u b s t i t u t e d 
amide s and 
imide s . 
Negat ive 
P o s i t i v e 
Positive 
Positive 
Positive 
Positive 
Other organic 
compounds. 
Negative Ne gat ive Negative 
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CHAPTER - I I I 
ION-EXCHANGE METHOD FOR SIMULTANEOUS MICROGRAM DETECTION OF 
SULPHUR, CHLORINE, IODINE AND NITROGEN IN ORGANIC COMPOUNDS; 
The d e t e c t i o n of e l emen t s i n o r g a n i c compounds by t h e 
sodium f u s i o n method i s ba sed on t h e e x t r a c t i o n of r e s i d u e 
w i t h wa te r which i s o b t a i n e d a f t e r t h e fu s ion wi th sodium 
m e t a l . The f i l t r a t e which i s an a l k a l i n e s o l u t i o n of c y a n i d e , 
s u l f i d e , and h a l i d e i o n s i s u sed f o r t h e d e t e c t i o n of r e s p e c t i v e 
e l e m e n t s i . e . n i t r o g e n , s u l f u r , c h l o r i n e , b romine , and i o d i n e . 
The m i l l i g r a m d e t e c t i o n o f t h e s e e l e m e n t s ( 1 ) , however, s u f f e r s 
from c e r t a i n l i m i t a t i o n s , i . e . n i t r o g e n can no t be i d e n t i f i e d 
i n t h e p resence of s u l f u r ; s i m i l a r l y i t i s n e c e s s a r y t o remove 
cyan ide and s u l f i d e i ons be fo re t h e t e s t of h a l o g e n s . These 
i o n s from i n s o l u b l e p r e c i p i t a t e s w i t h s i l v e r i on and i n t e r f e r e 
w i t h t h e d e t e c t i o n of h a l i d e i o n s . The p r e s e n c e of h a l o g e n s 
i s demons t r a t ed by t h e B e i l s t e i n t e s t b u t t h e y a r e conf i rmed 
t h r o u g h t h e sodium f u s i o n and s i l v e r h a l i d e t e s t s , p r o v i d e d 
t h e t e s t compound i s p r e s e n t i n m i l l i g r a m amounts . E e i g l ( 2 ) 
d e s c r i b e d a few g e n e r a l t e s t s a p p l i e d f o r microgram d e t e c t i o n 
of h a l o g e n s . These t e s t s can not be a p p l i e d f o r microgram 
d e t e c t i o n of i n d i v i d u a l members. Moreover, t he t e s t s s u f f e r 
from some d i s a d v a n t a g e s . The i S e i l s t e i n t e s t i s a s e n s i t i v e 
t e s t f o r h a l o g e n s , b u t c e r t a i n ha logen f r e e s u b s t a n c e s 
c o n t a i n i n g n i t r o g e n a l s o g ive a p o s i t i v e t e s t ; h y d r o x y q u i n o l i n e , 
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thiou.roa, and substituted pyridines as well as ^uaaiiine 
carbonate, mercaptobenzothiazole, and salicylaldoxine are 
pertinent examples. Two tests (2) were described by Feigl for 
the detection of nitrogen. The lime test was positive for 
various kinds of nitrogen compounds, but not all give this 
result because the test depends on the yield of ammonia which 
may vary. The second test is the pyrolytic oxidation of organic 
compounds with the excess of MnO_ performed by the Griess 
reaction which is sensitive and reliable, but depends on the 
purity of manganese dioxide. Even a slight presence of nitrogen 
as impurity in Mn02 can make the test positive. Sometimes the 
response is positive if the test is performed in an ordinary-
glass tube even when pure MnO? is used. Fujimoto (3) described 
a very sensitive test for the detection of sulfide using ion 
exchange beads. 3olton (*+) has described a method for the 
detection of N, S, P and halogens. The sample is wrapped in a 
piece of tissue paper, ignited in a flask of oxygen, the acidic 
gases produced on combustion are absorbed into a solution of 
sodium hydroxide (HNO~ for P) and the inorganic ions present 
the absorbent are detected by saturated anion analysis. 
Various elements in organic compounds are fused with vanadium (V) 
oxide and detected satisfactory (5). Elements Ci, Br, F, N, P, 
S and Si have been detected after the decomposition of their 
organic samples with sodium lead alloy (6). 
There is still need for microgram detection of nitrogen, 
sulfur and individual halogens. Moreover one could be able to 
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detect one element in the presence of others in a simple manner, 
and such tests are now proposed which are based on the use of 
resin spot test technique. The test has been successfully 
applied for simultaneous detection of nitrogen, sulfur, chlorine, 
and iodine when they are present in microgram amounts in given 
organic mixture. 
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EXPERIMENTAL 
HEAGENT St 
All chemicals used were of reagent grade. 
Test Solutions; 
They were prepared in <?0% alcohol. 
Dowex 50 W X 8 (20-50 mesh) and Amberlite IRA-^00 resins 
were used after the usual regeneration and conversion in H + 
and OH forms. 
Preparation of Sodium Fusion: 
The sodium fusion was prepared by the usual procedure (1). 
Conversion of Resin Beads in Hitroprusside and Ag+ Form: 
The resin in OH-" form was soaked in 20$ alcoholic 
solution of sodium nitroprusside in $0% alcohol and the resin 
in H + form was treated with 0.1 M silver nitrate solution in 
the column. It was washed with demineralized water until a 
drop of effluent gives no test with a drop of dilute hydro-
chloric acid. 
2 s 
Detection ox Sulfur; 
Procedure: 
Place 3-^ ion exchange resin beads in nitroprusside 
form on spot plate and one drop of sodium fusion - A violet 
color appears on the surface of the resin heads which later 
on (after 5 minutes) becomes black. 
Detection of Chlorine; 
Procedure; 
Place 3-^ ion exchange resin beads in Ag+ form on spot 
plate and add one drop (0.05 ml) of the sodium fusion. A white 
precipitate appears on the surface of resin beads which later 
on (after 2 or 3 minutes) becomes black on exposure to sunlight. 
Detection of Iodine: 
Procedure; 
Place 3Jf ion exchange resin beads in OH form on spot 
plate, add one drop of sodium fusion and one drop of hydrogen 
peroxide (30$) followed by a drop of freshly prepared chlorine 
water. The beads turn violet. The excess solution is blotted 
and one drop of \% starch solution in 10$ acetic acid is added. 
l'\ 
A violet color appears on the surface of resin beads if the 
test solution contains iodine. 
Detection of Nitrogen; 
Procedure: 
Place 3 - ^ ion exchange r e s i n beads i n OH form on spot 
p l a t e to one drop of sodium fusion. Add one drop of 0.01$ 
Copper sulphate so lu t ion and one or two drops of 5% ammonium 
molybdate so lu t ion followed by severa l drops of concent ra ted 
hydrochlor ic ac id . A blue color immediately developed on the 
surface of r e s i n beads i f the t e s t so lu t i on conta in n i t rogen . 
Simultaneous Detect ion of 3ulfury Chlor ine , Iodine , and Hitrpgen 
i n the given Sodium fusion Mixture; 
Procedure; 
Place 3-1* ion exchange resin beads in nitroprusside form 
on the spot plate and five or six drops of the test solution 
(sodium fusion containing a mixture of sulfur, chlorine, iodine 
and nitrogen). The resin beads turns violet and later on 
becomes black if the mixture contains sulfur. The excess of 
sulfur is removed by adding more resin beads in nitroprusside 
form. The process is continued till no violet color appears 
on the beads surface. The violet beads are removed from the 
mixture contents. The solution which is free from sulfur is 
divided into two parts. To one part add h-5 resin beads in 
Ag+ form, if chlorine is present, a white precipitate which 
later on (after 2 or 3 minutes) turns black. The second part 
is used to test for iodine and nitrogen. The test of nitrogen 
is done after removing iodide ion. To the second part add 
M--5 resin beads in 0H~ form and one drop of 30% hydrogen 
peroxide followed by a few drops of chlorine water. Remove 
the resin beads with the help of a glass rod and place them 
to other part of spot plate. Add 1 drop of "\% starch solution 
in 10^ acetic acid on the resin beads which turns deep violet 
if the mixture contains iodine. Nov/ the solution (from which 
the resin beads are removed) is evaporated to dryness and one 
drop of distilled water is added. To this extract add h-5 
resin beads in OH form, one drop of 0.01^ copper sulphate 
followed by a few drops of 5% ammonium molybdate solution. 
Add concentrated hydrochloric acid till a blue color appears 
on the resin surface which shows the presence of nitrogen. 
HBSULTS 
D e t e c t i o n of Su l fu r , C h l o r i n e , Iod ine and N i t r o g e n : 
For t h e d e t e c t i o n of t h e s e e l emen t s a number of b o t h 
v o l a t i l e and n o n - v o l a t i l e o r g a n i c compounds were t e s t e d and 
found t o g ive a p o s i t i v e r e s u l t by t h e recommended method. 
The r e s u l t s a r e summarized i n T a b l e s VI - IX. The r e s u l t s 
of t h e i r s imu l t aneous d e t e c t i o n a r e g iven i n Table X. 
The d e t e c t i o n of e l e m e n t s i n the p r e s e n c e o f l a r g e 
amount of f o r e i g n s u b s t a n c e s was a l s o s t u d i e d t h e r e s u l t s 
a r e summarized i n T a b l e s XI - XIV. 
Table - VI 
Detect ion of Sulfur by Ion-exchange Method. 
3 2 
Organ ic 
Compound 
T h i o u r e a 
if-Methylmer-
c a p t o a n i l i n e 
Po ta s s ium 
t h i o l a c e t a t e 
7 - Iodo -8 -hyd roxy 
q u i n o l i n e - 5 ~ 
s u l f o n i c a c i d 
S u l f o s a l i c y l i c 
a c i d 
Molar 
Cone. 
3 . 0 X 
1.0 X 
1.0 X 
1.0 X 
1.0 X 
1 0 " 3 
1 0 " 3 
1 0 " 3 
1 0 " 3 
10"*3 
Volume 
t a k e n 
( m l . ) 
0 .03 
0 .03 
0 . 0 ^ 
0.05 
0 .03 
Amount 
d e t e c t e d 
(jiig.) 
6.8 
h.2 
h.5 
17.5 
6.5 
Remark 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
3 3 
Table V I I 
D e t e c t i o n of Ch lo r ine by Ion-exchange Method. 
Organ ic 
Compound 
Molar 
Cone. 
Volume 
taken 
(ml. ) 
Amount 
detected 
(jag.) 
Hemark 
C h l o r o -
benzene 
O - d i c h l o r o -
benzene 
p - d i c h l o r o -
benzene 
A c e t y l 
C h l o r i d e 
A c r l d i n e 
hydro c h l o r i d e 
Carbon 
t e t r a c h l o r i d e 
Chloroform 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
X 
X 
X 
X 
X 
X 
X 
10~ 2 
1 0 - 2 
10-3 
10-3 
10-3 
10-3 
10-3 
0 .03 
0 .03 
O.O1!-
0 .05 
0 .03 
0.0*+ 
0.0*+ 
33.7 
Uif.1 
5.8 
3.9 
6 . ^ 
6 . 1 
**.7 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
3'* 
Table - V I I I 
D e t e c t i o n o f Iod ine by Ion-exchange Method. 
Organ ic 
Compound 
Molar 
Cone. 
Volume 
t a k e n 
( m l . ) 
.Amount 
d e t e c t e d 
Ik.) 1 
Remark 
I o d o -
ace t amide 
Iodoform 
Methy l -
i o d i d e 
7 - i o d o - 8 -
h y d r o x y - 5 -
s u l f o n i c a c i d 
1,0 X 10~ 3 
5.0 X 10~h 
5.0 x io"3 
1.0 X 10_ I f 
0 .03 
0 .03 
0 .05 
0 .03 
5.5 
5.9 
35A 
8.9 
Positive 
Positive 
Positive 
Positive 
J 0 
Table _ IX 
Detect ion of Nitrogen by Ion-exchange Method. 
Organic 
Compound 
Molar 
Cone. 
Volume 
taken 
(ml . ) 
Amount 
de tec ted 
IS.) 1 
Remark 
Thiourea 
Mandelo-
n i t r i l e 
Cacothel ine 
S a l f a n i l i c 
a c i d 
Dimethyl-
amine 
Methylcyanide 
Anil ine 
p-d imethyl -
amino-
benzaldehyde 
Pyr idine 
7-Iodo-8-
hydroxy-5-
su l fon ic ac id 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.o 
1.0 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
10"^" 
10"^ 
10~3 
10~3 
10"3 
10~3 
10"^ 
10~3 
10~3 
10" 3 
0.03 
0.03 
0.03 
o.o5 
o.o5 
0.03 
0.03 
0.05 
0.03 
0.03 
0 . 2 
0 . 3 
12.8 
8.6 
2 .2 
1.2 
0 .2 
7.7 
KS 
10.5 
P o s i t i v e 
Pos i t i ve 
P o s i t i v e 
P o s i t i v e 
Pos i t ive 
Pos i t ive 
Pos i t i ve 
Pos i t i ve 
P o s i t i v e 
P o s i t i v e 
3ii 
Table - X 
Simultaneous Detect ion of Chlor ine , Sulfur, iodine anu Nitrogen from 
Each Other i n the Given Mixture by Ion-Exchange Method. 
Mixture s Molar Cone. 
Volume of Volume of Amount 
each subs- mixture de tec ted 
t a n c e . taken (ug) 
(ml) r 
Remark 
OAcetyl-
OChloride 
0 j QPotassium 
Oth io l -ace ta te 
0 
OAniline 
0 
Olodoform 
OAcridine-
Qhydro-
Ochloride 
0 
OPotassium 
I I Othiol-
Oacetate 
0 
OAniline 
0 
Olodoform 
BAcetyl-
Ochloride 
0 
OThiourea 
0 QMandelo-
Ch i t r i l e 
0 
Olodoacet amide 
I I I 
OAcridine 
Ohydro-
Ochloride 
0 
OPotassium 
Othio lace ta te 
IV 0 QMandelo-( h i t r i l e 
0 
jlodoacetamide 
1.0 X 1 0 " 2 
5.0 x 10" 3 
5.0 x 10" 3 
5.0 x 10" 3 
1.0 X 1 0 " 2 
5.o x 10"3 
5.0 x io~3 
5.0 x io"3 
1.0 X 1 0 " 2 
3.0 x io~2 
5.o x 10"3 
1.0 X 10 
1.0 X 10 
- 2 
- 2 
5.0 x io~3 
1.0 X 10~3 
1 
2 
3 
If 
1 
1.0 X 10 - 2 
If 
3 
If 
1 
3 
2 
2 
1 
If 
3 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
o.o5 
0.05 
0.05 
0.05 
o.o5 
0.05 
o.o5 
0.05 
3.9 
5.7 
6.9 
39.3 
10.7 
5.7 
9.3 
29.5 
15.7 
1 1 . if 
10.0 
18. ^  
21.5 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
2.8 P o s i t i v e 
2.8 Pos i t i ve 
27.h P o s i t i v e 
3? 
Table - XI 
D e t e c t i o n of Sul fur i n Presence of Fo re ign Subs tances 
F o r e i g n Amount Po tass ium T h i o l a c e t a t e Remark 
Subs tance added . Molar Amount 
(mg) Cone. d e t e c t e d 
(jug) 
O - d i c h l o r o -
benzene 
A c e t y l -
c h l o r i d e 
P r o p i o n i c 
a c i d 
A c e t i c a c i d 
But ano l 
Toluene 
B u t y l g l y c o l 
Ace to -
n i t r i l e 
E thy lamine 
Bromobenzene 
Mandelo-
n i t r i l e 
6^0 
550 
370 
156 
2M-0 
255 
505 
195 
352 
h$6 
562 
5.0 x 
5.0 x 
5.0 x 
5.o x 
5.0 x 
5.0 x 
5.0 x 
5.0 x 
5.0 x 
5.0 x 
5.0 x 
10-3 
10-3 
10-3 
10-3 
10-3 
10-3 
10-3 
10-3 
10-3 
10-3 
10-3 
. 28.5 
17.1 
17.1 
17.1 
28.5 
28.5 
17.1 
28.5 
17.1 
17.1 
28.5 
Positive 
Posit ive 
Posit ive 
Positive 
P o f j i t i v e 
Positive 
Positive 
Posit ive 
Positive 
Posit ive 
Positive 
3 s 
Table - X I I 
D e t e c t i o n of Ch lo r ine i n P re sence of F o r e i g n Subs tances 
F o r e i g n 
Subs tance 
A c e t i c a c i d 
B u t a n o l 
Toluene 
1 j^ -Dioxen 
E t h y l - m e t h y l 
Ketone 
B u t y l g l y c o l 
A c e t o n i t r i l e 
Fo rmalde hyde 
Bromobenzene 
M a n d e l o n i t r i l e 
Amount 
added , 
(mg. ) 
52h 
2*f2 
U-32 
?15 
120 
525 
390 
182 
760 
562 
( 
2 .0 
2 .0 
2 . 0 
2 .0 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
Molar 
2onc. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1 0 " 3 
1 0 " 3 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
1 0 " 3 
10~ 3 
10~ 3 
1 0 " 3 
Amount 
d e t e c t e d 
Cug) 
7.8 
7.8 
*«-.7 
7.8 
K7 
7.8 
7.8 
^.7 
7.8 
K7 
Remark 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
3 * 
Table - X I I I 
D e t e c t i o n of Iod ine i n P resence of F o r e i g n Subs tances 
F o r e i g n Amount Iodoform Remark 
S u b s t a n c e s added . Molar Amount 
(mg.) Cone. d e t e c t e d 
Bromobenzene 
E t h y l a m i n e 
A c e t o n i t r i l e 
A c e t y l c h l o r i d e 
A c e t i c a c i d 
3u t a n o l 
To luene 
Chlorobenzene 
O_dichlorobenzene 
if 56 
176 
300 
276 
2M-2 
257 
330 
327 
390 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
X 
X 
X 
X 
X 
X 
X 
X 
X 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
10~ 3 
1 1 . 8 
19.6 
11 .8 
11 .8 
19.6 
1 1 . 8 
1 1 . 8 
19.6 
11 .8 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
4 0 
Tab le _ XIV 
D e t e c t i o n of Ni t rogen i n P resence o f F o r e i g n Subs tances 
F o r e i g n Amount Anil i ne Remark 
Subs tance added . Molar Amount 
(mg) Cone. d e t e c t e d 
(Jig) 
Bromobenzene 
A c e t i c a c i d 
Bu tano l 
Toluene 
B u t y l g l y c o l 
1 ^ - D i o x e n 
Chlorobenzene 
O - d i c h l o r o -
benzene 
760 
$2h 
MfO 
if 2 5 
505 
515 
550 
650 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
X 
X 
X 
X 
X 
X 
X 
X 
1 0 " 3 
10~ 3 
1 0 " 3 
10~ 3 
10~ 3 
1 0 " 3 
10~ 3 
10~ 3 
2 . 7 
2 . 7 
h.6 
If-. 6 
2 .7 
2 . 7 
2 . 7 
2 . 7 
P o s i t i v e 
Po s i t i ve 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
P o s i t i v e 
4 1 
DISCUSSION 
The ion exchange resin bead test for the simultaneous 
detection of sulfur, chlorine, iodine and nitrogen in the 
given mixture is based on the removal of sulfur. It is done 
by adding a few cation exchange resin beads soaked in sodium 
nitoprusside in the sodium fusion. The sulfide ions which 
produces a violet complex are absorbed on the surface of resin. 
The process is repeated by adding fresh resin beads (soaked in 
sodium nitroprusside) till all the sulfide ions are completely 
removed. The other ions Cl~, I~ and CN do not interfere with 
the test. Sulfide ions can also be tested and removed hy 
making the use of solubility product i.e. the sodium fusion is 
treated with cation exchange resin in Pb form which atonce 
turns black due to the precipitation of lead sulfide 
(K 3.if X 10~28). The sparingly soluble salts of lead 
sp 
chloride (K 1 X lo~lf) and lead iodide (K 1 , U 10"8) do 
sp sp 
not interfere owing to their greater solubility product. 
However, the method is less sensitive than former. After 
removing the sulfide ions the sodium fusion is divided into 
two parts and remaining three ions (Cl , I , CN ) are tested. 
The detection of Cl"" ions may be interfered by I and CN 
when cation exchange resin beads in Ag+ are added in one part 
of sodium fusion. The sparingly soluble salts of I~, CN~ 
and Cl with Ag+ ions are precipitated on the resin bead 
surface (K Ag 1 J_ K AgCN /__ K AgCl). But the property 
of fast blackening of AgCl to the exposure of sun l i gh t over 
the other precipi ta ted species help i t s determination. 
The I~ ions i s detected by the formation of Violet 
color on the resin surface. This i s due to the fact tha t 
t r i - i o d i d e i s formed by the p a r t i a l oxidation of I ion when 
chlorine water and 30$ hydrogen peroxide are added to the 
second part of the sodium fusion. The resin bead turn v io le t 
in color because of the adsorption of t r i - i od ide ions. I t i s 
observed that i f one drop of \% starch solution in 10$ acet ic 
acid having a l inea r structure (5) i s added to the v io le t 
colored res in beads, the color immediately turns deep v io le t 
or purple and hence increases the sens i t i v i ty of the t e s t . 
I t can be assumed that not a l l iodine gas i s reacted with I 
ion a l i t t l e of i t i s adsorbed on the resin surface which 
in t e rac t s with starch molecule and produces a deep v io le t color. 
The nitrogen was detected by the cyanide ion t e s t (6 ) . 
A number of substances including iodide ions oxidising, and 
reducing agents in terfere with the t e s t . I t i s therefore, 
necessary to remove iodide ion before the t e s t of nitrogen. 
The res in beads in t r i - iod ide form are removed from the 
mixture contents and tes ted separately for iodine by adding 
a drop of starch solution. If iodine i s prasent, the resin 
beads immediately turn deep v io le t in color. The f i l t r a t e 
4 3 
i s free from the iodide ion but contains hydrogen peroxide 
and chlorine water. I t i s evaporated to remove the excess 
of hydrogen peroxide and chlorine water and tes ted for 
ni trogen. The blue color on the res in beads which indicates 
the presence of nitrogen, becomes dark on standing for a few 
minutes. Sulfur also obscure the t e s t for nitrogen because 
sulfide ions produce a black prec ip i ta te when copper solution 
i s added for the t e s t of nitrogen. 
Several attempts were made to t e s t bromine by ion 
exchange method but a negative response was obtained every time. 
A comparison of different t e s t s of sulfur, chlorine, 
iodine, and nitrogen has been summarized in Table XV which 
provides the merits of "Ion Exchange Test" in terms of the 
factors such as simplici ty, sens i t iv i ty and spec i f ic i ty over 
the available t e s t s mentioned in the l i t e r a t u r e . 
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CHAPTER _ IV 
M3DR0GRAM DETECT ION OF NITRILES USING HE SIN BEADg 
Very few t e s t s are a v a i l a b l e for t h e d e t e c t i o n of 
n i t r i l e s ( 1 ) . The d e t e c t i o n i s b a s e d e i t h e r on some g e n e r a l 
t e s t s f o r s e v e r a l f u n c t i o n a l g r o u p s , o r on t h e i n t e r f e r e n c e 
caused by the n i t r i l e s i n a p a r t i c u l a r t e s t . None of t h e s e 
t e s t s i s s p e c i f i c for n i t r i l e s . Hydroxamic a c i d has been 
s u g g e s t e d for the d e t e c t i o n of n i t r i l e s ( 2 ) . The t e s t i s 
s u i t a b l e for c e r t a i n d e r i v a t i v e s of c a r b o x y l i c a c i d s , such 
a s e s t e r s , a n h y d r i d e s and a c i d c h l o r i d e s , and fo r t r i c h l o r o -
methyl g r o u p s ; amides , imides and a n i l i d e s cause i n t e r f e r e n c e . 
N i t r i l e s have a l s o heen. d e t e c t e d by per forming two t e s t s : 
t h e soda l ime - m e t h a n o l i c copper s u l p h a t e t e s t ( 3 ) g i v e s 
a b l u e c o l o r w i th n i t r i l e s , i f no amide i s p r e s e n t , whereas 
t h e m e r c u r i c c h l o r i d e _ bromothymol b l u e t e s t ( 3 ) i s n e g a t i v e 
f o r n i t r i l e i f no N, N ' - d i s u b s t i t u t e d amide i s p r e s e n t and 
p o s i t i v e fo r u n s u b s t i t u t e d o r m o n o - s u b s t i t u t e d amide. Th i s 
t e s t i s an improvement over t h e hydroxamic a c i d t e s t , b u t 
amides and compounds c o n t a i n i n g o l e f i n i c and a c e t y l e n i c bonds 
o r a l p h a - h y d r o g e n atoms i n t e r f e r e i n b o t h c a s e s . Aromatic 
n i t r i l e s have been d e t e c t e d (*f) by pape r chromatography w i th 
t\/o s p r a y i h g r e a g e n t s . The f i r s t r e a g e n t i s p r e p a r e d by 
mixing of hydroxy ammonium c h l o r i d e and sodium c a r b o n a t e i n 
ethanol; the second reagent is a saturated aqueous solution of 
copper (11) acetate. Dimethyl yellow and Iodine vapour is 
used for the detection of aliphatic unsaturated nitriles which 
are chromatographed on thin layer of silica gel (5). 
In this chapter we propose a test for a microgram 
detection of nitriles which is an improvement over the test 
described earlier. 
4S 
EXPERIMENTAL 
REAGENTS: 
All chemicals used were of reagent grade. 
Test Solutions: 
(i) For the preparation of solutions, water (free from NH^) 
was used, 
(ii) Solutions of nitriles were prepared in distilled ethanol. 
(iii) 3C$ sodium hypochlorite solution was prepared by mixing 
9+ ml of 20/o NaOH add 25 gm of phenol in 100 ml 
volumetric flask and making to the mark with water. 
Resin; 
Dowex 50 W X 8 (20-50 mesh) was used a f t e r regenera t ion 
with h IT HCle The r e s i n was washed with water t i l l the pH of the 
e f f luen t was 6-7 . These beads were used for the t e s t . 
Procedure; 
The following two tests are necessary for the detection 
of nitriles. 
4!» 
Test I; 
To one drop of each of the test solution and water, add 
two drops of concentrated sulfuric acid in a semimicro test tube. 
Heat the contents slowly for a few minutes on a low flame. Cool, 
add a few resin beads and one drop of water and heat (not boil) 
again. Decant, leaving behind the resin beads. Wash the beads 
by decantation with h - 5 portions of conductivity water. 
Transfer the beads to a white spot plate and dry them by blotting 
with filter paper. Add a drop of sodium hypochlorite solution 
and one drop of phenolic solution. An intense blue color on the 
resin beads indicates a positive test. 
Test II; 
Mix a few mg of the test substance with 2 - h drops of the 
test solution followed by two drops of water in a micro test tube. 
Add a few resin beads and heat on water bath. Cool the beads and 
wash as describe above. Transfer to a white spot plate and test 
with one drop of sodium hypochlorite solution and one drop of 
phenolic solution. An intense blue color indicate a positive test. 
Nitriles give a positive response with Test I and a negative 
response with Test II. For unsubstituted amides and imides both 
tests are positive. It is therefore possible to distinguish between 
unsubstituted amides and nitriles. Other organic compounds give 
a negative response with the recommended tests. 
5;) 
RESULTS 
The nitriles shown in Table XVI were detected by the 
recommended method. Mandelonitrile gave the test for amide. 
Benzylnitrile gave a negative test. 
The following unsubstituted amides and imides were 
detected and thus differentiated from nitriles: Oxamide, 
chloroacetamide, N_veleramide, formamide, succinamide, salicylamide, 
acetamide, propionamide, succinimide and phthalimide. 
Behaviour of Miscelaneous Compounds: 
Some other classes of organic compounds were also tested 
by the above mentioned procedure. The following compounds gave 
no color on beads by the recommended tests: 
Hydrocarbons and their derivatives: Benzene, Toluene, bromobenzene, 
nitrobenzene, carbontetrachloride. 
Ajdehvdes: Formaldehyde, crotonaldehyde, chloral hydrate. 
Alcohols: Methanol, ethanol, butanol. 
Phenols: Phenol and eresol. 
Ac ids: Formic acid, acetic acid. 
51 
Amines: Aniline, dimethylamine, methylamine, diethylamine. 
Ethers; Dioxan, diethylether, anisole. 
Ketones; Acetone, ethylmethyl ketone, acetophone. 
An, 1,1 ides; Acetanilide, oxanilide. 
Hetrocvclics; Pyridine, barbiturates. 
Carbohydrates; Fructose, glucose, sucrose, urea. 
Limit of Identification; 
The limit of identification for a number of nitriles was 
determined. The results are summarized in Table XVI. 
Detection of Nitriles in the Presence of Foreign Substances: 
Using propionitrile as the test compound, the detection 
of nitriles in the presence of a large amount of foreign 
substances was studied. The results are summarized in Table XVII. 
If the amount of impurities exceeds the amount described in the 
table, then the detection of nitriles was not sharp. 
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Table - XVI 
Limi t of I d e n t i f i c a t i o n of N i t r i l e s , 
N i t r i l e Molar Cone. 
Volume 
t a k e n . 
(ml) 
Amount 
d e t e c t e d 
(j ig) 
B e n z o n i t r i l e 
A c e t o n i t r i l e 
P r o p i o n i t r i l e 
B u t y r o n i t r i l e 
C y a n o a c e t i c 
n i t r i l e . 
2 . 0 X 1 0 " 3 
2 . 0 X 10~ 3 
1.0 X 1 0 " 3 
1.0 X 1 0 " 3 
1.0 X 1C~3 
0 . 0 ? 
0 . 0 ? 
0 .05 
0 .05 
0 .05 
10 
3 
3 
h 
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Table - XVII 
D e t e c t i o n of P r o p i o n i t r i l e i n Presence of F o r e i g n Substance 
Amount of Amount of 
F o r e i g n F o r e i g n Substance P r o p i o n i t r i l e 
Substance added d e t e c t e d 
(mg. ) (ug) 
A c e t i c a c i d 52h ~\h 
n - 3 u t a n o l 656 11 
Dioxan 207 11 
Phenol ^ 82 1>+ 
E t h y l m e t h y l ke tone 603 1*f 
A n i l i n e if 3 11 
T rime t h y l amine 165 11* 
P y r i d i n e 78 1*f 
Methanol 75 11 
Sucrose 200 Ih 
C a r b o n - t e t r a c h l o r i d e 152 1*f 
Urea 300 11 
0 
DISCUSSION 
The unsubstituted amides and imides can be easily 
hydrolyzed by cation exchange resin in H+ form (6) to form the 
corresponding acids and ammonium ions. The resin beads after 
conversion into ammonium form give a blue color with one drop 
of sodium hypochlorite solution and one drop of phenolic 
solution as described in test II. Cation exchange resin is 
not effective to hydrolyse the nitrilcs, hence this test is 
negative. Nitriles can be hydrolyzed with concentrated 
sulfuric acid and therefore the test I is positive for them. 
Unsubstituted amides or imides are also hydrolyzed with 
concentrated sulfuric acid and therefore they also give a 
positive test in test I. The indications given by the two 
tests are summarized in Table XVIII. 
0 3 
Table - XVIII 
Tes t s for N i t r i l e s , Uhsubst i tuted .Amides, Imides and Other Organic 
Compounds. 
Compounds Test I Test I I 
N i t r i l e s Pos i t ive Negative 
Unsubst i tu ted amides Pos i t ive Pos i t ive 
and imides . 
Other Organic Negative Negative 
Compounds. 
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Recently, ion exchange resins have been used for the 
detection and determination of organic functional groups 
(1-4) by "Resin Spot Test Techniques." 
Fujimoto (5) developed this technique and employed it 
to increase the sensivity of the test for the detection of in-
organic ions (6-8). Some tests have also been described for 
the detection of organic compounds such as phenols, ali-
phatic amines, primary aromatic amines, aldehydes, and 
substituted hydrazines (9-11). All these tests are the 
modification of their color reactions already known. How-
ever, resin beads can also be used to develop new color 
reaction as was described by Qureshi for diphenylamine 
(12). Ion-exchange resin acts as an efficient catalyst. They 
can bring about hydrolysis under relatively mild condi-
tions without the introduction of any new ions. They 
should, therefore, prove advantageous in all these reac-
tions where hydrolysis is performed prior to detection. 
Such methods can be developed for other organic func-
tional groups as well. 
A number of tests for the detection of aldehydes are 
based on the formation of colored Schiff bases when al-
dehydes are condensed with primary amines. Feigl (13) 
described a method for the detection of aromatic al-
dehydes. The aldehydes formed Schiff bases with N,N-
dimethylphenylenediamine in the presence of acid. The 
test covered a number of aromatic aldehydes but it gave a 
positive test with aliphatic unsaturated with more than 
one double bond conjugate with carbonyl group. Another 
Schiff base test for the detection of aliphatic and aromatic 
aldehydes was described by Wasicky (14) using O-dianisi-
dine as condensation reagent. Certain ketones, alicylic 
compounds such as pinenes and camphenes interfered 
with the test. A spot test was given by Anger (7.5) for the 
detection of aromatic aldehydes along with polysac-
charides, pentose, hexoses, celluloses, ethers, and esters of 
celluloses and N-arylidene compounds. A general test 
based upon the characteristic yellow color between chlo-
rite in neutral or acidic medium was described by Hashmi 
et ai. (16) but aldehydes such as anisaldehyde. vanillin, 
acrolein, p-dimethylaminobenzaldehyde, glucose, vera-
traldehyde, and glyceraldehyde gave negative tests. Anoth-
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er test given by Feigl (17) was based on catalyzed acceler-
ation of the oxidation of p-phenylendiamine by hydrogen 
peroxide. However, compounds like cyanohydrins, aldehyde 
ammonia, and aliphatic and aromatic oxime interfered 
with the test. 
In the present communication, we describe a new test 
for the detection of aliphatic and aromatic aldehydes 
using ion exchange resin beads as detection medium. 
EXPERIMENTAL 
Reagents. All chemicals used were of reagent grade. 
Test Solutions. Solutions of aldehydes were prepared either in 
50% alcohol or in water (free from ammonium ions). 
Resins. Dowex 50W X8 (20-50 mesh) and Amberlite IRC-50 res-
ins were used after the usual regeneration and conversion to the 
H+ form. The resins were washed with demineralized water until 
no color was obtained by Nessler's reagent. 
Mixture of Saturated Solution of Hydrogen Cyanide and So-
dium Cyanide. A 10-ml saturated solution of sodium cyanide was 
added to a 50-ml separating funnel containing 1.5 grams of dry 
Amberlite IR-120 in H* form. The funnel was provided with a 
glasswool plug. The contents were shaken and the resin was al-
lowed to settle down. The supernatant liquid (a mixture of 
NaCN-HCN) was used directly in the form of drops by opening 
the stopcocks. For better results, it is advisible to use the super-
natant liquid within 4 hours. 
Procedure. Place about 5-10 ion exchange beads in H* form in 
a micro testtube, add 1 drop (0.05 ml) of the test solution, 4 drops 
of a saturated mixture of HCN and NaCN solution, and 1 drop of 
coned sulfuric acid. Heat the contents to boiling using a low 
flame. (Caution: Take precaution against harmful vapors of HCN 
gas which comes out during heating.) Wash the resin beads with 
demineralized water, blot them dry with a qualitative filter paper 
(Quantitative filter paper contains ammonium ions). Add a drop 
of Nessler's reagent. A reddish pink color is developed at once on 
the bead surface if the test solution contains aldehyde. The sensi-
tivity of the test may be improved if freshly regenerated resin in 
wet form is used. 
R E S U L T S 
Detection of Aldehydes. To find the most suitable 
resin for the detection of aldehydes, the following resins 
were tried: Amberlite IRC-50 and Dowex 50W X8 (20-25 
mesh). 
It was found that the carboxylic resin, Amberlite IRC-
50 gave negative tests with crotonaldehyde, cinnamal-
dehyde, and p-dimethylaminobenzaldehyde. As a result of 
this study it was concluded that Dowex 50W X8 was the 
best resin for the detection of aldehydes. 
The following aliphatic and aromatic aldehydes gave a 
positive test by the resin beads method: acetaldehyde, an-
isaldehyde, benzaldehyde, crotonaldehyde, cinnamal-
dehydes, p-dimethylaminobenzaldehyde, formaldehyde, 
propionaldehyde, paraldehyde, and salicylaldehyde. 
A negative test was obtained for the following al-
dehydes: 3,4,5-methoxybenzaldehyde, 1-butyraldehyde. 
Vanillin produces a yellow turbidity after keeping for 10 
minutes. 
Behavior of Miscelaneous Compounds. A number of 
typical organic compounds were tested by the recom-
(17) F. Feigl and G. Frank, unpublished studies 
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Table I. L i m i t of Iden t i f i ca t ion of Al iphat ic a n d 
Aromat i c Aldehydes 
Aldehydes 
Crotonaldehyde 
Anisaldehyde 
Benzaldehyde 
Formaldehyde 
Salicy aldehyde 
C innamaldehy de 
Propionaldehyde 
Isovaleraldehyde 
Acetaldehyde 
jP-Dimethylamino-
benzaldehyde 
Molar 
eonen 
0.005 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
Volume 
taken, an]/ 
0.05 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
Amount 
detected, Vg; 
17 . 5 
40.8 
31.8 
9 . 0 
36.6 
39.6 
17.44 
25.9 
13.2 
44.7 
Tab le I I . De tec t i on of F o r m a l d e h y d e i n t h e 
Presence of Fore ign S u b s t a n c e s 
Foreign substance 
Acetic acid 
Butanol 
Dioxan 
Ethyl methyl ketone 
Phenol 
Trimethylamine 
Xylene 
Amount of 
foreign 
substance 
added, mg 
524 
324 
776 
603 
482 
231 
437 
Amount of 
HCHO 
detected, fx% 
30 
30 
30 
30 
30 
30 
30 
Tab le I I I . D e t e c t i o n of B e n z a l d e h y d e i n t h e 
Presence of Fo re ign S u b s t a n c e s 
Foreign substance 
Acetic acid 
Butanol 
Dioxan 
Ethyl methyl ketone 
Trimethylamine 
Phenol 
Amount of 
foreign 
substance 
added, mg 
157 
656 
207 
80 
165 
107 
Amount of 
CbHsCHO 
detected, y.% 
30 
30 
30 
30 
30 
30 
Table IV. T e s t s for Aldehydes , Amides , a n d 
Nitr i les a n d O t h e r Organ i c C o m p o u n d s 
Ion-Exchange Ion-exchange 
Compound amide test nitrile test 
Aromatic and aliphatic 
aldehydes Negative Negative 
Nitriles Positive Positive 
Unsubstituted amides 
and imides Positive Positive 
Other organic com-
pounds Negative Negative 
Ion-exchange 
aldehyde test 
Positive 
Positive 
Positive 
Negative 
mended procedure and were found not to interfere with 
the test. The following compounds were tested. 
Hydrocarbons and their derivatives: Benzene, toluene, 
bromobenzene, nitrobenzene, carbontetrachloride. 
Amines: Aniline, dimethylamine, trimethylamine. 
Alcohols: Methanol, ethanol butanol. 
Acids: Formic acid, acetic acid. 
Ketones: Acetone, acetophenone, ethyl methyl ketone. 
Ethers: Dioxan, ether. 
Phenol: Phenol. 
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Heterocyclic base: Pyridine. 
Carbohydrates: Glucose, fructose, sucrose. 
Limit of Identification. The limit of identification for a 
number of aliphatic and aromatic aldehydes was deter-
mined. The results are summarized in Table I. 
Detection of Aldehydes in the Presence of Foreign 
Substances. The detection of aldehydes in the presence of 
a large amount of foreign substance was studied. Formal-
dehyde and benzaldehyde were taken as the representa-
tive of the aliphatic and aromatic aldehydes. The results 
are summarized in Tables II and III. 
DISCUSSION 
When aqueous solutions of aldehydes are heated with 
saturated NaCN containing HCN, together with a slight 
excess of sulfuric acid and beads of cation-exchange resin, 
cyanhydrins are formed. The resin in the hydrogen form 
catalyzes the hydrolysis of the cyanhydrins to carboxylic 
acids and ammonium ions. The ammonium ions are re-
tained by the resin and are later detected in the bead by 
Nessler's reagent. The reaction sequence is the following: 
0" 
I 
RCHO + CN" =^= RCHCN (i) 
O" 
I 
RCHCN + H20 —• RCH(OH)CN + OH - (ii) 
R-CH(OH)CN + H20 + Res"H+ —«-
RCH(OH)COOH + Res"NH4+ (iii) 
Res NH4 + Nessler's reagent (alkaline) —• red colored beads 
A number of ketones were tested by this method and 
gave a negative test. The reason is that in the case of ke-
tones, reaction (ii) above is generally reversible, whereas 
in the case of aldehydes and most non-hindered ketones, 
the formation of cyanhydrins is essentiallv quantitative if 
strong acid is added to the mixture containing sodium cy-
anide (18). 
As was expected, a positive test was obtained with ni-
triles, unsaturated amides, and imides. To distinguish 
among the three functional groups, three tests are recom-
mended—i.e., the ion exchange amide test (3), the ion ex-
change nitrile test (4), and the present ion exchange alde-
hyde test. Results given bv the three tests are summarized 
in Table IV. 
A comparison of different tests for aldehydes has been 
summarized in Table V which proves the merits of the 
"Ion Exchange Test" in terms of factors such as simplici-
ty, sensitivity, and specificity over the available aldehydes 
tests mentioned in the literature. 
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Saidul Zafar Qureshi and M. S. Rathi 
Department of Chemistry, Aligarh Muslim University, Aligarh, India 
The detection of elements in organic compounds by the 
sodium fusion method is based on the extraction of residue 
with water which is obtained after the fusion with sodium 
metal. The filtrate which is an alkaline solution of cyanide, 
sulfide and halide ions is used for the detection of respec-
tive elements i.e., nitrogen, sulfur, chlorine, bromine, and 
iodine. The milligram detection of these elements (1), how-
ever, suffers from certain limitations, i.e., nitrogen cannot 
be identified in the presence of sulfur; similarly it is neces-
sary to remove cyanide and sulfide ions before the test of 
halogens. These ions form insoluble precipitates with silver 
ion and interfere with the detection of halide ions. The 
presence of halogens is demonstrated by the Beilstein test 
but they are confirmed through the sodium fusion and sil-
ver halide tests, provided the test compound is present in 
milligram amounts. Feigl (2) described a few general tests 
for microgram detection of halogens. These tests cannot be 
applied for microgram detection of individual members. 
Moreover, the tests suffer from some disadvantages. The 
Beilstein test is a sensitive test for halogens, but certain 
halogen free substances containing nitrogen also give a pos-
itive test; hydroxyquinoline, thiourea, and substituted py-
ridines as well as guanidine carbonate, mercaptobenzothia-
zole, and salicylaldoxime are pertinent examples. Two tests 
(2) were described by Feigl for the detection of nitrogen. 
The lime test was positive for various kinds of nitrogen 
compounds, but not all give this result because the test de-
pends on the yield of ammonia which may vary. The sec-
ond test is the pyrolytic oxidation of organic compounds 
with excess of MnOj performed by the Griess reaction 
which is sensitive and reliable, but depends on the purity of 
manganese dioxide. Even a slight presence of nitrogen as 
impurity in MnO^ can make the test positive. Sometimes 
the response is positive if the test is performed in an ordi-
nary glass tube even when pure MnO-_> is used. Fujimoto (.'il 
described a very sensitive test for the detection of sulfide 
using ion exchange beads. There is still need for microgram 
detection of nitrogen, sulfur, and individual halogens. 
Moreover one could be able to detect one element in the 
presence of others in a simple manner, and such tests are 
now proposed which are based on the use of resin spot test 
technique. 
In our previous work, the detection of esters i-4) imides, 
amides, and anilides (5). nitriles (6). and aliphatic and aro-
matic aldehydes (7). and for the determination of aliphatic 
unsaturated amides and esters (8) have been made using 
the '"Resin spot technique". This technique was first devel-
oped by Fujimoto et al. (.9) in the detection of microamount 
of compounds. The present communication is an improve-
ment over the sodium fusion method based on the resin 
spot technique. The test has been successfully applied for 
simultaneous detection of nitrogen, sulfur, chlorine, and io-
dine when they are present in microgram amounts in tin-
given organic mixture. 
EXPERIMENTAL 
Reagents. All chemical- u.-ed were of reagent grade. 
Test Solutions. They were prepared in 5n".. aj,;,,).,,] 
Resins. Dowex SOW X8 (20-50 mesh) and Amberlite IRA-400 
resins were used after the usual regeneration and conversion to H + 
and OH~ forms. 
Preparation of Sodium Fusion. The sodium fusion was pre 
pared by the usual procedure (/). 
Conversion of Resin Beads in Nitroprusside and Ag+ Form. 
The resin in OH~ form was soaked in 20% alcoholic solution of so-
dium nitroprusside in 50% alcohol and the resin in H+ form was 
treated with 0.1M silver nitrate solution in the column. It was 
washed with demineralized water until a drop of effluent gives no 
test with a drop of dilute hydrochloric acid. 
Procedure for Simultaneous Detection of Sulfur, Chlorine, 
Iodine, and Nitrogen in the Given Sodium Fusion Mixture. 
Place 3-4 ion exchange resin beads in the nitroprusside form on 
the spot plate and add five or six drops of the test solution (sodium 
fusion containing a mixture of sulfur, chlorine, iodine, and nitro-
gen). The resin beads turn violet and later on become black if the 
mixture contains sulfur. The excess of sulfur is removed by adding 
resin beads in nitroprusside form. The process is continued till no 
violet color appears on the head surface. The violet beads are re-
moved from the mixture contents. The solution which is free from 
sulfur is divided into two parts. To one part, add 4-5 resin beads in 
Ag+ form; if chlorine is present a white precipitate develops on the 
resin surface which later on (after 2 or 3 minutes) turns black. The 
second part is used to test for iodine and nitrogen. The test of ni-
trogen is done after removing the iodide ion. To the second pari, 
add 4 5 resin beads in OH~ form and one drop of 30% hydrogen 
peroxide followed by a few drops of chlorine water. Remove the 
resin beads with the help of a glass rod and place them on other 
part of the spot plate. Add 1 drop of 1% starch solution in 10% ace-
tic acid to the resin beads which turn deep violet if the mixture 
contains iodine. Now the solution (from which the resin beads are 
removed) is evaporated to dryness and 1 drop of distilled water is 
added. To this extract, add 4-5 resin beads in OH - form, one drop 
of 0.01% copper sulfate, followed by a few drops of 5% ammonium 
molvbdate solution. Add concentrated hydrochloric acid, till a blue 
color appears on the resin surface which shows the presence of ni-
trogen. 
RESULTS AND DISCUSSION 
The ion exchange resin bead test for the simultaneous 
detection of sulfur, chlorine, iodine, and nitrogen in the 
given mixture is based on the removal of sulfur. It is done 
by adding a few cation exchange resin beads soaked in sodi-
um nitroprusside to the sodium fusion. The sulfide ions 
which produce a violet complex are adsorbed on the surfac-
es of the resin. The process is repeated by adding fresh 
resin beads (sorbed in sodium nitroprusside) till all sulfide 
ions are completely removed. The other ions C I - . I - , and 
CN~ do not interfere with the test. The sulfide ions can 
also be tested and removed by making use of the solubility 
product, i.e., the sodium fusion is treated with cation ex-
change resin in P b 2 + form which at once turns black be-
cause of precipitation of lead sulfide (K s p 3.4 X 10_2H). The 
sparingly soluble salt of lead chloride (K sp 1 X 10~4). and 
lead iodide (K sp 1.4 X 10~8) do not interfere owing to their 
greater solubility product. However, the method is less sen-
sitive than the former. The following compounds gave a 
positive test by the recommended procedure. The sensitivi-
ty is given in parentheses: Thiourea (6.85 /jg). 4-methyl-
mercaptoaniline (4.26 Mg). potassium thiolacetate (4.56 ^g ' . 
7-iodo-H-hydroxyquinoline-5-sulfonic acid 117.550 ugl. and 
siilfusalicyclic acid (6 54 ugi. 
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After removing the sulfide ions, the sodium fusion is di-
vided into two parts and the remaining three ions (CI~, I - . 
CN~) are tested. The detection of CI~ ions may he inter-
fered by I - and CN~ when cation exchange resin beads in 
the Ag+ form are added to one part of the sodium fusion. 
The sparingly soluble salts of I - , CN~, and CI~ with Ag+ 
ions are precipitated on the resin bead surface (KspAgl < 
K^apAgCN < KspAgC\). But the property of fast blackening 
of AgCI to the exposure of sun light over the other precipi-
tated species helps its determination. The following com-
pounds gave a positive test: Chlorobenzene (33.75 /xg), o-
dichlorobenzene (44.10 /xg), p-dichlorobenzene (5.81 ng), 
acetyl chloride (3.925 /ig), acridine hydrochloride (6.47 /xg), 
carbon tetrachloride (6.16 /ug) and chloroform (4.78 ng). 
The I - ions are detected by the formation of violet color 
on the resin surface. This is due to the fact that triiodide is 
formed by the partial oxidation of the I - ion when chlorine 
water and 30% hydrogen peroxide are added to the second 
part of the sodium fusion. The resin beads turn violet in 
color because of the adsorption of triiodide ions. It is ob-
served that if one drop of 1% starch solution in 10% acetic 
acid having a linear structure (10) is added to the violet 
colored resin beads, the color immediately turns deep violet 
or purple and, hence, increases the sensitivity of the test. It 
can be assumed that not all iodine gas is reacted with the 
I - ion, a little of it is adsorbed on the resin surface which 
interacts with the starch molecule and produces a deep vio-
let color. The following compounds gave a positive test: Io-
doacetamide (5.54 ixg), iodoform (5.90 iig), methyliodide 
(35.48 iig) and 7-iodo-8-hydroxyqunoline-5-sulfonic acid 
(8.96
 Mg). 
The nitrogen was detected by the cyanide ion test ( / / ) . A 
number of substances including iodide ion, oxidizing, and 
reducing agents interfere with the test. It is therefore nec-
essary to remove iodide ion before the test of nitrogen. The 
resin beads in triiodide form are removed form the mixture 
contents and tested separately for iodine by adding a drop 
of starch solution. If iodine is present, the resin beads im-
mediately turn deep violet in color. The filtrate is free from 
the iodide ion but contains hydrogen peroxide and chlorine 
water. It is evaporated to remove the excess of hydrogen 
peroxide and chlorine water and tested lor nitrogen. The 
blue color on the resin beads which indicates t he presence 
ol nitrogen, becomes dark on standing for a lew minutes. 
Sulfur also obscures the test for nitrogen because sulfide 
ions produce a black precipitate when copper solution is 
added for the test for nitrogen. 
The following compounds gave a positive test: Thiourea 
(0.228 ng), mandelonitrile (0.399 Mg), cacotheline (12.82 
fig), sulfanilic acid (8.65 ng), dimethylamine (2.25 ng), 
methyl cyanide (1.23 jig), aniline (0.25 fig), p-dimethylami-
nobenzaldehyde (7.79 fig), pyridine (4.864 fig), and 7-iodo-
8-hydroxyquinoline-5-sulfonic acid (10.53 tig). 
Several at tempts were made to test bromine by the ion-
exchange method but a negative response was obtained 
every time. 
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Microgram Detection of Nitrites Using Resin Beads 
By 
Saidul Zafar Qureshi* and M. S. Rathi 
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Introduction 
Recently ion exchange resins have been used for the detection 
and determination of organic functional groups by the resin spot 
technique 1 - 5 . This technique was developed by Fujirnoto*'* for 
* Present address: Department of Civil and Municipal Engineering 
University College, London, England. 
the detection of fig amounts of metal ions and some classes of 
compounds such as phenols2 0 aliphatic amines, primary aromatic 
amines11 , aldehydes and substituted hydrazines12 using known color 
reactions. It is based on the intense coloration produced on the 
surface of colorless ion exchange resin. The resin beads also can 
be used to develop new color reaction such as for the detection of 
diphenylamine13 . 
j Very few tests are available for the detection of nitriles14. The 
detection is based either on some general test for several functional 
groups, or on the interference caused by the nitriles in a particular 
test. None of these tests is specific for nitriles. Hydroxamic acid 
has been suggested for the detection of nitriles15. The test is suit-
able for certain derivatives of carboxylic acids, such as esters, 
anhydrides and acid chlorides, and for trichloromethyl groups; 
amides, imides and anilides cause interference. Nitriles have also 
been detected and differentiated from amides by performing t w o 
tests: the soda lime — methanolic copper sulphate test16 gives a 
blue color with nitriles, if no amide is present, whereas the mercuric 
chloride — bromothymol blue test18 is negative for nirrile if no 
N , N'-disubstituted amide is present and positive for unsubstituted 
or mono-substituted amide. This test is an improvement over the 
hydroxamic acid test, but amides and compounds containing olefinic 
and acctylenic bonds or a-hydrogen atoms interfere in both cases.' 
Our earlier work 3 describes a test for nitriles which was not 
applicable for the detection of nitriles in fig amounts. The present 
test is an improvement over the above test, and can be applied for 
the fig detection of nitriles. 
Experimental 
Reagents. All chemicals were used of reagent grade. 
For the preparation of solutions, water ffree from NHa/) was used. 
Solutions of nitriles were prepared in distilled ethanol. 
30% sodium hypochlorite solution was prepared in water. 
Phenolic solution' \sas prepared by mixing S4 ml of 20% NaOH and 
25 ng of phenol in 100 ml volumem*. flask and making to th* mark.wiuS 
water. 
2VM 
KCMH |)d\vr\ 'OWxN .'jn ^0 mish \ u - n«e.l iftrr regeneration wtth 
4 V Ht I I In ii>iit wits washed with water till the pH of the effluent 
was f>- -"'. These beads were used for the test. 
Procedure 
The following two tests are necessary for the detection of 
nitrilcs. 
Test I. Place 5—10 ion exchange beads in H " form in a micro 
test tube; add I drop (0.05 ml) of the test solution and I drop of 
18N sulfuric acid. Heat the contents to boiling using a low flame. 
Upon cooling, wash the resin beads with water and transfer the 
heads to a white spot plate; blot them with a qualitative filter 
paper (quantitative filter paper contains ammonium ions). Test the 
resin beads by adding one drop (0.05 ml) of sodium hypochlorite 
solution and one drop (0.05 ml) of phenolic solution. A intense 
blue color on the resin beads indicates a positive test. 
Test II. Mix a few mg of test substance or 2—4 drops of the 
test solution with t w o drops of water in a micro test tube. Add a 
few resin beads and heat on water bath. Cool the beads and wash 
with water and transfer the beads to a plate; blot them with quali-
tative filter paper. Test the resin beads by adding one drop of 
sodium hypochlorite solution and one drop of phenolic solution. 
Observe whether or not an intense blue color appears. 
The nirriles shown in Table I give a positive response with Test I 
and a negative response with Test II. For N-unsubstituted amides 
and imides both tests are positive. It is therefore possible to dis-
tinguish between N-unsubstituted amides and nitrites. Other organic-
compounds give negative response with both tests described above. 
Results 
Seven nitriles were tested. The five nitriles shown in Table I 
were detected by the recommended method. In contrast, matidcl-
onitrile gave blue color by both tests while benzyl nitrite gave 
negative response by both tests. 
The following N-unsubstituted amides and imides were tried 
and it was found that formamide, chloroacetamide, acetamide, 
succinamide, succimide and phthalimide gave blue color by both 
tests. Thus they can be differentiated from nitriles which are shown 
in Table I. 
Tabic I. Limit of Identification of Nitriles 
Nitrilc Molar Volume Amount detected 
tone. taken imP (/«jt) 
Itriironitrilr <>.m»2 0.0* 10 
An-roimnlc 0(*i2 0.0* 4 
Pmi'K.niiiilc 0.001 O.O' J 
hiiltroiiimlt (1001 0.0' i 
Ctaiioatnit and 0 "O! 0.0' 4 
Some other classes <>t organic compound* were also tested by 
the above mentioned piocedurc. I tie following compounds gjvc 
no tolot on beads In an> of the two texts hydrocarbons and their 
derivatives (beii/ene, toluene. bromolH'ii/env. nitro'.Mrn/ene, Carbon-
ictrai Monde); aldelndes (formaldehyde, eroton.ildelnde, chloral 
rntli .itc ' , aUohols (methanol, chianol, bmino! ; ; phenols (phenol 
'{(»«.» 
and crcsol); acids (formic ;icid, acetic acid); amines (aniline, di-
mcthylamine, mcthylamine, diethylaniline); ethers (dioxan, diethyl 
ether, anisole); keton (acetone, ethyl methyl ketone, acetophone); 
anilides (acetanilide, oxanilidc); hetrocyclics (pyridine, barbiturates): 
carbohydrates (fructose, glucose, sucrose); urea. 
Limit of identification. The limit of identification for a number 
of nitriles was determined. The results are summarized in Table I. 
Detection of nitrites in the presence of foreign substances. 
Using propionitrile as the test compound, the detection of nitriles 
in the presence of a large amount of foreign substances was studied. 
The results are summarized in Table II. If the amount of impurities 
Table II. Detection of Propionitrile in Presence of Foreign Substances 
, Amount of foreign Amount of propio-
Foreign substance substance added nitrite detected 
(mg) (/*g) 
Acetic acid 524 14 
n-Butanol 656 11 
Dioxan 207 11 
Phenol 482 14 
Ethylmethyl ketone 603 14 
Aniline 43 11 
Trimethylamine 165 14 
Pyridine 78 14 
Methanol 75 11 
Sucrose 200 14 
Carbon-tertachloride 152 14 
Urea 300 11 
exceeds the amount described in the table, then the detection of 
nitriles was not sharp. 
Discussion 
Cation exchange resins in the hydrogen form catalyze the hydro-
lysis of N-unsubstituted amides and imides2 to ammonium ions 
and acids. The ammonium ions are retained by the resin and are 
later detected on the resin bead by sodium hypochlorite and phenol 
as described in Test II. Nitriles shown in Table I are not hydro-
lyzed, hence this test is negative. They can be hydrolyzed with dil 
H2SO4 because it retains ammonia and conversion of H f form 
resin into NH44 takes place. Unsubstituted amides or imides are 
also hydrolyzed with dil H2SO4 and Test I is positive for them. 
Benzyl nitrile gives a negative test, probably because it does not 
hydroly/.e. 
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Summary 
Micrtt^ram Detrition of Nitriles I'sing Ion Fxchange Resin 
Some nitriles (Kn/onitri lc, acetoiutrilc. propionitrile, butyro-
nltrilc, and cyanoacctic ,uid) can be detected by means of ion 
exthanni- resin bc.uU .iftcr h\drol\Ms with dil. M.-SOi to produce 
ammonium IOIIN. 1 lit .niiiiuniiuii) ions are retained by the resin 
301 
and thru detected by the mdophenol blue color using sodium 
hypochlorite and phenol. The new method is more sensitive and 
selective than the existing methods. 
Zusammenfassung 
Einige Nitrile (Benzo-, Aceto-, Propio-, Butyronitril und Cyanessig-
saure) iasscn sich mit Hilfe von Austauscherharz-Perlen nach Hydrolyse 
mit verd. Schwefelsaure zur Freisetzung von Ammoniumionen nachweiscn. 
Dicse werden an dem Harz festgehalten und dann durch Bildung von 
Indophcnolblau mit Hilfe von Hypochlorit und Phenol nachgewicscn. 
Diese Methode ist empfindlicher und selcktiver als bisher existierende 
Verfahren. 
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